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(54) ODOR SENSOR

(57)  The present invention provides a biomimetic
odor sensor that utilizes neither an oxide semiconductor
nor a quartz oscillator, is hardly affected by the atmos-
pheric moisture, simple in structure, inexpensive in pro-
duction cost, fast in reaction rate, of a wet type, and pro-
vided with the condition close to the condition of the nasal
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mucosa of the human olfactus organ. The sensor 10 ac-
cording tothe presentinventionincludes a mixed material
12 in which B-carotene and a reducing agent to prevent
the oxidation of the -carotene are dispersed in a viscous
liquid, and a cathode electrode 16 and an anode elec-
trode 18 are disposed so as to be in contact with the
mixed material 12.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an odor sensor
that is of a wet type and detects odor with the condition
to model after the condition of the nasal mucosa of the
human olfactus organ.

BACKGROUND ART

[0002] Rosenberg et al. established in 1961 that when
a microcrystalline powder of B-carotene is sandwiched
between 2 sheets of electrodes, and the electric conduc-
tivity of the powder of B-carotene is measured in various
gases, the electric conductivity of the powder of B-caro-
tene is remarkably increased in gases that are sensed
by us as odor such as ethanol, ammonia or acetone (for
example, see Non-Patent Document 1).

[0003] Generally, oxide semiconductor odor sensors
that utilize oxide semiconductors are known. An oxide
semiconductor odor sensor is a device that utilizes a
mechanism to detect the variation of the resistance value
of the semiconductor caused by the adsorption/reaction
of odor molecules on the surface of the semiconductor.
Among oxide semiconductor odor sensors, some oxide
semiconductor odor sensors have been developed in
such a way that the oxide semiconductors are heated
with a heater at high temperatures (about 500°C) to elim-
inate the effects of the ambient temperature/humidity;
however, such sensors are complex in structure, can
hardly be reduced in size, and is high in production cost.
[0004] Additionally known are quartz oscillator odor
sensors that utilize the mechanism of the variation of the
resonant frequency of the quartz oscillator caused by the
adsorption of odor molecules on the quartz oscillator.
[0005]

Non-Patent Document 1: Hiroshi Asai, "Odor Detec-
tors," Solid State Physics (Kotai Butsuri in Japa-
nese), Vol. 10, No. 7, pp. 369-373 (1975).
Non-Patent Document 2: Mitachi, Kondo, Sasaki,
and Sugimoto, "Selection of Optimal Desiccants for
Use in Odor Sensors, "The 50th Spring Meeting of
Japan Society of Applied Physics and Related So-
cieties, 29p-B-13 (March 29, 2003).

DISCLOSURE OF THE INVENTION

[0006] However, as shown in Figure 1, an odor sensor
utilizing a microcrystalline powder of -carotene is slow
in reaction rate (about 40 minutes), and the generated
current is as weak as 10 pA or less, so that it is far from
practical use. Additionally, B-carotene tends to be easily
oxidized, leading to adrawback that such asensor cannot
stand long-term use.

[0007] In an oxide semiconductor odor sensor utilizing
an oxide semiconductor needs, as described above, a
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device for heating the oxide semiconductor with a heater
at high temperatures (about 500°C), leading to a draw-
back that such a sensoris complexin structure, can hard-
ly be reduced in size, and high in production cost.
[0008] A quartz oscillator odor sensor has a drawback
that it also responds to the atmospheric moisture, and
accordingly needs a heater for use at high temperatures
or a desiccant (for example, see Non-Patent Document
No. 2). Such a sensor also needs a device for inducing
oscillation on a steady basis, leading to a drawback that
such a sensor can hardly be reduced in size and is high
in production cost.

[0009] The present invention has been achieved in
view of the above described problems, and an object of
the presentinvention is to provide a biomimetic odor sen-
sor that utilizes neither an oxide semiconductor nor a
quartz oscillator, is hardly affected by the atmospheric
moisture, in other words, does not need a heater, is sim-
ple in structure, inexpensive in production cost, fast in
reaction rate, of a wet type, and provided with the con-
dition close to the condition of the nasal mucosa of the
human olfactus organ.

[0010] For the purpose of achieving such an object, a
first aspect of the present invention is characterized by
including a mixed material in which -carotene and a re-
ducing agent to prevent the oxidation of the B-carotene
are dispersed in a viscous liquid, and a cathode electrode
and an anode electrode are disposed so as to be in con-
tact with the mixed material. This construction makes it
possible to provide a biomimetic odor sensor that is of a
wet type and provided with the condition close to the con-
dition of the nasal mucosa of human olfactus organ. The
use of a biomimetic sensor based on this construction
makes it possible to provide a sensor that reacts fast to
various odors.

[0011] A second aspect of the present invention is
characterized in that the reducing agent is any one of the
following reducing agents: sodium thiosulfate
(Nay,S,05), hydro nicotinamide adenine dinucleotide
phosphate (NADPH), Na,(H,PO,) and L-ascorbic acid.
This construction can suppress the degradation of the
sensor due to the oxidation of B-carotene and makes it
possible to provide an odor sensor that can stand long-
term use.

[0012] A third aspect of the present invention is char-
acterized in that the viscous liquid is a liquid with high
viscosity and polarity.

[0013] A fourth aspect of the present invention is char-
acterized in that the liquid with high viscosity and polarity
is glycerin. This construction makes it possible to provide
an odor sensor that is inexpensive in production cost.
[0014] A fifth aspect of the present invention is char-
acterized in that ethanol is further mixed as a viscosity
modifier. This makes it possible to provide an odor sensor
that is fast in reaction rate while the viscosity is being
modified.

[0015] A sixth aspect of the present invention is char-
acterized by having a structure in which the cathode elec-
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trode and the anode electrode are made to face each
other so as to sandwich the mixed material.

[0016] A seventh aspect of the present invention is
characterized in that the cathode electrode is a copper
plate or a platinum plate, the anode electrode is a mesh-
shaped stainless-steel net, and the cathode electrode
and the anode electrode faces each other. This construc-
tion makes it possible to provide an odor sensor that pre-
vents the detection sensitivity from degradation and is
fast in reaction rate.

[0017] As described below, according to the present
invention, it is made possible to provide a biomimetic
odor sensor that utilizes neither an oxide semiconductor
nor a quartz oscillator, is hardly affected by the atmos-
pheric moisture, in other words, does not need a heater,
is simple in structure, inexpensive in production cost, fast
in reaction rate, of a wet type, and provided with the con-
dition close to the condition of the nasal mucosa of the
human olfactus organ. The use of a biomimetic sensor
based on this construction makes it possible to provide
a sensor that fast reacts to various odors.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Figure 1 is a graph showing the response rate of a
dry type B-carotene odor sensor that is described by
Hiroshi Asai in "Odor Detectors, " Solid State Phys-
ics (Kotai Butsuri in Japanese), Vol. 10, No. 7, pp.
369-373 (1975);

Figure 2 is a diagram showing a chemical structural
formula of B-carotene utilized in the present inven-
tion;

Figure 3 is a schematic view illustrating the construc-
tion of an odor sensor according to an embodiment
of the present invention;

Figure 4 is a schematic view illustrating the config-
uration of an odor measurement system using the
odor sensor according to the embodiment of the
present invention;

Figure 5A is a transient current response graph
showing the results of the measurement of the odor
of ammonia at a relative humidity of 40% with the
odor sensor of the present invention;

Figure 5B is a transient current response graph
showing the results of the measurement of the odor
of ammonia at a relative humidity of 70% with the
odor sensor of the present invention;

Figure 6 is a transient current response graph show-
ing the results of the measurement of the odor of
trimethylamine with the odor sensor of the present
invention;

Figure 7 is a transient current response graph show-
ing the results of the measurement of the odor of
butanol with the odor sensor of the present invention;
Figure 8 is a transient current response graph show-
ing the results of the measurement of the odor of

10

15

20

25

30

35

40

45

50

55

propanol with the odor sensor of the present inven-
tion;

Figure 9 is a transient current response graph show-
ing the results of the measurement of the odor of 2-
phenylethanol with the odor sensor of the present
invention;

Figure 10 is a transient current response graph
showing the results of the measurement of the odor
of geraniol with the odor sensor of the present inven-
tion;

Figure 11 is a transient current response graph
showing the results of the measurement of the odor
of ammonia with an odor sensor in which the copper
plate 16 in Figure 3 is replaced with a platinum plate;
Figure 12A is a view illustrating an example of a
shape of a glass cover 14 shown in Figure 3;
Figure 12B is a view illustrating another example of
the shape of the glass cover 14 shown in Figure 3;
Figure 12C is a view illustrating yet another example
of the shape of the glass cover 14 shown in Figure 3;
Figure 13A is a transient current response graph
showing the results of the measurement of the odor
of ammonia with an odor sensor in which the glass
cover 14 in Figure 3 is replaced with a spacer shown
in Figure 12A;

Figure 13B is a transient current response graph
showing the results of the measurement of the odor
of ammonia with an odor sensor in which the glass
cover 14 in Figure 3 is replaced with a spacer shown
in Figure 12B;

Figure 13C is a transient current response graph
showing the results of the measurement of the odor
of ammonia with an odor sensor in which the glass
cover 14 in Figure 3 is replaced with a spacer shown
in Figure 12C;

Figure 14 is a transient current response graph
showing the results of the measurement of the odor
of ammonia in a place without a light with the odor
sensor shown in Figure 3;

Figure 15A is a diagram showing a performance
comparison between the odor sensors using j3-car-
otene each based on a dry method and the odor
sensors using B-carotene (based on a wet method)
of the present invention;

Figure 15B is a diagram showing a performance
comparison between the odor sensors using j3-car-
otene each based on a dry method and the odor
sensors using B-carotene (based on a wet method)
of the present invention;

Figure 15C is a diagram showing a performance
comparison between the odor sensors using -car-
otene each based on a dry method and the odor
sensors using B-carotene (based on a wet method)
of the present invention;

Figure 16 is a diagram illustrating the sensor re-
sponse principle of the odor sensor (based on a wet
method) of the present invention; and

Figure 17 is an enlarged schematic diagramiillustrat-
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ing the odor sensor (based on a wet method) of the
present invention.

DESCRIPTION OF SYMBOLS

[0019]

10 Sensor

12 Mixed material

14 Insulator cover glass (spacer)

16 Copper plate

18 Mesh-shaped stainless-steel (Stainless-
steel mesh)

18 Mesh-shaped platinum (Platinum mesh)

20a, 20b  Lead wire

30 Sensor

32 Desiccator

34 Constant-voltage generator

36 Digital multi-meter

38 Computer

BEST MODE FOR CARRYING OUT THE INVENTION

[0020] Hereinbelow, an embodiment of the present in-
vention is described with reference to the drawings.
[0021] Figure 3is aschematic view illustrating the con-
struction of a sensor 10 according to an embodiment of
the present invention. In the embodiment, the sensor 10
has a structure in which a cathode electrode 16 and an
anode electrode 18 are disposed so as to be in contact
with a mixed material 12 in which B-carotene and a re-
ducing agent to prevent the oxidation of the -carotene
are dispersed in a viscous liquid.

[0022] In the embodiment, the mixed material 12 is
cast on a copper plate (or any one of the following metal
plates: a platinum plate, a gold plate, a zinc plate, a stain-
less-steel plate, a nickel plate, and a plate of tin) 16 the
periphery of which is covered and surrounded with an
insulator cover glass 14, and covered with a fine mesh-
shaped stainless-steel mesh (or a metal mesh or a metal
porous plate made of any one of platinum, gold, copper,
zinc, stainless-steel, nickel and tin) 18. Lead wires 20a
and 20b are connected to the copper plate 16 and the
stainless-steel mesh 18, respectively. The copper plate
16 and the stainless-steel mesh 18 are disposed so as
to face each other, but the arrangement of the copper
plate 16 and the stainless-steel mesh 18 is not limited to
this arrangement.

[0023] Figure 2is adiagram showing a chemical struc-
tural formula of B-carotene. 3-carotene is a very common
substance found in all the green plants, and is also found
in various internal organs, adipose and olfactus organs
of numerous higher animals. In B-carotene, a hydrocar-
bon chain with double bonds in every other bond forms
a line, and a cyclic structure is found at each of the both
ends of the line. B-carotene is a substance that has a
color of dark purplish red, a melting point of 183°C, and
is soluble inbenzene, petroleum benzine and chloroform.
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[0024] The mixed material 12 contains a reducing
agent to prevent B-carotene from the oxidation due to the
atmospheric oxygen. The mixedmaterial 12 contains, for
example, sodium thiosulfate (Na,S,05) as a reducing
agent. An alternative example of the reducing agent to
prevent the oxidation of 3-carotene may be hydro nico-
tinamide adenine dinucleotide phosphate (NADPH), Na,
(H,PO,), L-ascorbic acid or the like.

[0025] The use of glycerin and ethanol in the mixed
material can lead to realization of a wet type odor sensor
that is hardly affected by the atmospheric humidity. The
use of ethanol in the mixed material can improve the re-
action rate of the sensor.

[0026] The viscous liquid is a liquid that is high in vis-
cosity and also high in polarity, and preferably is glycerin
having a viscosity of 1.2 Pa-s (pascal-second) (= 1200
cP (centi-poise)); however, the viscous liquid is not lim-
ited to glycerin. It suffices that the viscosity of the mixed
material can be modified to fall in a range from 0.1 Pa's
(= 100 cP) to 1.5 Pa's (= 1500 cP) with the aid of the
ethanol concentration, B-carotene and the reducing
agent.

[0027] On the basis of the above described construc-
tion, it is made possible to provide a biomimetic odor
sensor that utilizes neither an oxide semiconductor nor
a quartz oscillator, does not utilize a heater, is hardly
affected by the atmospheric moisture, simplein structure,
inexpensive in production cost, fast in reaction rate, of a
wet type, and provided with the condition close to the
condition of the nasal mucosa of the human olfactus or-
gan.

Example 1

[0028] Figure 4 is aschematic view illustrating the con-
figuration of a measurement system to examine the re-
action of the above described odor sensor 10 to odors.
The sensor 10 is disposed inside a glass desiccator 32.
The bottom portion of the glass desiccator 32 is provided
with a hose 40 for introducing a liquid containing an odor-
ant to be a target for measurement. The desiccator 32
has a two-storied structure, in which the liquid containing
an odorant is disposed in the first floor section, and the
sensor 10 is disposed in the second floor section; the
desiccator has such an arrangement that does not allow
direct contact between the liquid and the sensor 10 other
than by diffusion in the air. A lead wire 20b connected to
a copper plate 16 of the sensor 10 is connected to a
constant-voltage generator 34 through a digital multi-me-
ter 36 in such a way that the copper plate 16 is to serve
as a cathode electrode. A lead wire 20a connected to a
stainless-steel mesh 18 is connected to the constant-
voltage generator 34 in such a way that the stainless-
steel mesh 18 is to serve as an anode. A computer 38 is
coupled to the digital multi-meter 36 for the purpose of
recording the output from the digital multi-meter 36. On
the copper plate 16 the periphery of which was covered
and surrounded with an insulator cover glass 14 as
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shown in Figure 3, there was cast a viscous sol liquid 12
obtained by as a uniform dispersion mixing 112 mg of -
carotene and 9.9 mg of fully pulverized sodium thiosulfate
with a mixed solution composed of 5 ml of glycerin and
5 ml of ethanol and sufficiently stirring the solution. The
upper side of the thus cast viscous sol liquid 12 was cov-
ered with a finemesh-shaped stainless-steel mesh 18 to
form the sensor. A bias of 4 V was applied between the
cathode electrode and the anode electrode of the sensor
10.

[0029] After the dark current had become stationary,
1 ml of a 45% aqueous ammonia, an odorant, was intro-
duced from outside into the bottom portion of the desic-
cator by means of the hose 40 beforehand provided to
the desiccator.

[0030] Figure 5Ais a graph showing the measurement
results obtained on a relatively dry day of February in the
winter season with a relative humidity of 40%; the intro-
duction time of the aqueous ammonia was 12:38. From
after the introduction of the aqueous ammonia, spark-
shaped current value variations were observed. This is
conceivably ascribable to the repeated cycles of the fol-
lowing reactions: ammonia diffuses in the glycerin solu-
tion to be adsorbed on and reacted with B-carotene to
form carriers with plus components and carriers with mi-
nus components in the glycerin solution, leading to a
change in the electric conduction property of the glycerin,
and consequently an instantaneous increase in current
value is created (the carriers travel) and then the current
value again gets back to the dark current value. The peak
current generated by the odor is about 18 mA. The rise
time, the fall time and the reaction rate (response onset
time) of the repeated pulses are 5 seconds, 5 seconds
and less than 1 minute (for example, 40 seconds), re-
spectively.

[0031] Figure 5B is a graph showing the measurement
results obtained on a day after a rain with a relative hu-
midity of 70%. Pulses similar to those in Figure 5A were
observed, and it can be seen that the odor sensor of the
presentinvention exhibits a satisfactory response to odor
independently of the humidity conditions.

[0032] The introduction time of ammonia was 12: 00,
and before the introduction, absolutely no current gen-
eration was identified, so that it can be seen that the
individual pulse-shaped peak currents were the re-
sponse currents due to the reaction to the odorant. When
a platinum plate was used in place of the copper plate,
the current values were increased by a factor of a few
tens to reach a few hundreds mA. This type of phenom-
enon was also observed for the case where a gold plate
was used in place of the copper plate. Any one of the
metal plates such as a zinc plate, a stainless-steel plate,
a nickel plate and a plate of tin can be used in place of
the copper plate; however, from the viewpoints of the life
and stability of the sensor, a platinum plate or a gold plate
is effective.
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Example 2

[0033] Figure 6 is a graph showing the response of the
same sensor 10 as in Example 1 to an odorant, namely,
trimethylamine. The same measurement system config-
uration as in Example 1 was used except that: 1 ml of
trimethylamine, an odorant, was placedina 5 cc weighing
bottle in such an arrangement that the bottle was closed
with the cap, the cap was attached with a piece of string
so that the cap might be taken off by pulling the piece of
string from the outside; and the weighing bottle was
placed inside the glass desiccator 32 shown in Figure 4.
A bias of 4 V was applied.

[0034] After the dark current had become stationary,
the cap of the weighing bottle was taken off by pulling
the piece of string from the outside, trimethylamine, an
odorant, was introduced inside the desiccator. In the
same manner as in Example 1, the odor sensor and tri-
methylamine, an odorant, were not allowed to be in direct
contact with each other other than by diffusion in the air.
The time of the introduction of trimethylamine was 11:45.
[0035] Aftertheintroduction of trimethylamine, the cur-
rent value variation as shown in Figure 6 was observed.
This is conceivably ascribable to the repeated cycles of
the following reactions: trimethylamine diffuses in the
glycerin solution to be adsorbed on and reacted with (-
carotene to form carriers with plus components and car-
riers with minus components in the glycerin, leading to a
change in the electric conduction property of the glycerin,
and consequently a slow increase in current value is cre-
ated (the carriers travel) and then the current value again
gets back to the dark current value.

[0036] The peak currentgenerated by the odoris about
50 pA. The rise time, the fall time and the response rate
of the repeated pulses are 10 seconds, 40 seconds and
2 minutes, respectively.

Example 3

[0037] Figure 7 is a graph showing the response of the
same sensor 10 as in Example 1 to an odorant, namely,
butanol. In the same manner as in Example 2, 1 ml of
butanol, an odorant, was placed in a 5 cc weighing bottle
in such an arrangement that the bottle was closed with
the cap, the cap was attached with a piece of string so
that the cap might be taken off by pulling the piece of
string from the outside, and the weighing bottle was
placed inside the glass desiccator 32. The sensor was
applied with the same bias of 4 V as in Examples 1 and 2.
[0038] After the dark current had become stationary,
the cap of the weighing bottle was taken off by pulling
the piece of string from the outside, butanol, an odorant,
was introduced inside the desiccator. The time of the
introduction of butanol was 14:30. The odor sensor and
butanol, an odorant, were not allowed to be in direct con-
tact with each other other than by diffusion in the air.

[0039] Aftertheintroduction of butanol, the current val-
ue variation as shown in Figure 7 was observed. This is
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conceivably ascribable to the repeated cycles of the fol-
lowing reactions: butanol diffuses in the glycerin solution
to be adsorbed on and reacted with B-carotene to cause
a change in the electric conduction property of the glyc-
erin solution, and consequently a slow increase in current
value is created (the carriers travel) and then the current
value again gets back to the dark current value.

[0040] The peakcurrentgenerated by the odoris about
20 pA. The rise time, the fall time and the response rate
of the repeated pulses are 10 seconds, 50 seconds and
40 seconds, respectively.

Example 4

[0041] In Example 4, description is made on the fol-
lowing sensor 10 prepared as follows: on a platinum plate
the periphery of which was covered and surrounded with
an insulator cover glass as shown in Figure 3, there was
cast a viscous sol liquid obtained as a uniform dispersion
by mixing 112 mg of B-carotene and 1 mg of hydro nico-
tinamide adenine dinucleotide phosphate (NADPH) with
a mixed solution composed of 5 ml of glycerin and 5 ml
of ethanol, and the solution was sufficiently stirring the
solution. The upper side of the thus cast viscous sol liquid
was covered with a fine mesh-shaped stainless-steel net
to form the sensor 10. Figure 8 is a graph showing the
response of the sensor 10 of Example 4 to propanol, an
odorant. In the same manner as in Examples 2 and 3, 1
ml of propanol, an odorant, was placed in a 5 cc weighing
bottle in such an arrangement that the bottle was closed
with the cap, the cap was attached with a piece of string
so that the cap might be taken off by pulling the piece of
string from the outside, and the weighing bottle was
placed inside the glass desiccator 32 shown in Figure 4.
A lead wire 20b connected to the platinum plate is con-
nected to a constant-voltage generator 34 through a dig-
ital multi-meter 36 in such a way that the platinum plate
is to serve as a cathode electrode. A lead wire 20a con-
nected to the stainless-steel mesh 18 is connected to the
constant-voltage generator 34 in such a way that the
stainless-steel mesh 18 is to serve as an anode. In the
same manner as in Example 1, a personal computer is
coupled to the digital multi-meter. A bias of 4 V was ap-
plied to the sensor 10.

[0042] After the dark current had become stationary,
the cap of the weighing bottle was taken off by pulling
the piece of string from the outside, propanol, an odorant,
was introduced inside the desiccator. In the same man-
ner as in Examples 1 to 3, the odor sensor and propanol,
an odorant, were not allowed to be in direct contact with
each other other than by diffusion in the air. The time of
the introduction of propanol was 14:48.

[0043] After the introduction of propanol, the current
value variation as shown in Figure 8 was observed. This
is conceivably ascribable to the repeated cycles of the
following reactions: propanol diffuses in the glycerin so-
lution to be adsorbed on and reacted with 3-carotene to
cause a change in the electric conduction property of the
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glycerin solution, and consequently a slow increase in
current value is created (the carriers travel) and then the
current value again gets back to the dark current value.
The peak current generated by the odor was 133 pA.
The rise time, the fall time and the response rate of the
repeated pulses are 10 seconds, 45 seconds, and 15
minutes 14 seconds, respectively.

Example 5

[0044] Figure 9 shows the results obtained by studying
the reaction to 2-phenyl ethanol with the same measure-
mentsystem asin Example 1. The time of the introduction
of 2-phenyl ethanol was 13:20. The response rate was
2 minutes 55 seconds. The peak current was 1.62 mA.

Example 6

[0045] Figure 10 shows the results obtained by stud-
ying the reaction to geraniol with the same measurement
system as in Example 1. The time of the introduction of
geraniol was 16:46. The response rate was 5 minutes 37
seconds. The peak current was 85 pA.

Example 7

[0046] Figure 11 shows the results obtained by stud-
ying the reaction to ammonia with the measurement sys-
tem in Example 1 that has platinum plate of taking the
place of copper plate 16. The time of the introduction of
ammonia was 16 : 57 . The response rate was 55 sec-
onds. The peak current was 300 mA.

Example 8

[0047] Figures 12A, 12B and 12C show examples of
the shape of the insulator cover glass 14 shown in Figure
3. The insulator is provided to prevent the contact be-
tween the cathode electrode and the anode electrode
disposed so as to be in contact with the mixed material.
The insulator is also referred to as a spacer in the present
specification. The window formed in the spacer shown
in Figure 12A amounts in size to 29.0% of the whole
spacer. The window formed in the spacer shown in Figure
12B amounts in size to 6.5% of the whole spacer. The
windows formed in the spacer shown in Figure 12C col-
lectively amount in size to 3.1% of the whole spacer.
[0048] Figures 13A, 13B and 13C show the results ob-
tained by studying the reaction to ammonia, by use of
the odor sensors respectively using the spacers shown
in Figures 12A, 12B and 12C, with the measurement sys-
tem configuration used in Example 1.

Example 9
[0049] Figure 14 shows the results obtained by stud-

ying the response to ammonia in a place without light
with the measurement system configuration shown in Ex-
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ample 1. Itcan be seen that the odor sensor of the present
invention is better in response in a place without light
than under illumination (Figure 5A). Additionally, the life
of the odor sensor is shortened under illumination, and
accordingly, the odor sensor is preferably to be used in
a place without light.

Example 10

[0050] A life measurement experiment was carried out
for each of an odor sensor using a stainless-steel mesh
18 and an odor sensor using a platinum mesh 18’. The
conditions of the life measurement experiment are the
same as those shown in Example 1 except that the odor
sensors were different in the alpha mesh material from
each other. Itis to be noted that when the platinum mesh
18’ was used, a platinum plate was used as the counter
electrode to the platinum mesh 18’. In each of the life
measurement experiments, 1 ml of a 45% aqueous am-
monia was added at 10 a.m. and at 3 p.m. every day,
and the responses of each of the odor sensors were stud-
ied. With the odor sensor using the stainless-steel mesh
18, no response was found in 1 week. With the odor sen-
sorusing the platinummesh 18’ , the response continued
for 1 month or more.

[0051] Figures 15A, 15B and 15C summarize: the re-
actions to methanol of conventional sensors each with
electrodes sandwiching a powder of B-carotene therebe-
tween; the reactions to the individual odorants in the
present invention, shown in the above described exam-
ples; and the reactions to other odorants of an odor sen-
sor of the present invention.

[0052] As shown in Figures 15A, 15B and 15C, the
odor sensors of the present invention are larger by a fac-
tor of about 60 in response rate and by a factor of about
1000 in response ability than the conventional sensors
each with electrodes sandwiching a powder of 3-caro-
tene therebetween. The odor sensors of the present in-
vention are in variance in their response onset times,
peak currents and others, but can react to various odors.
[0053] As shown in Figure 16, the principle of the odor
sensor according to the present invention is conceivable
thatan odorantis adsorbed on and reacts with -carotene
to cause the electric conduction property variation which
results in the current response variation to be detected,
similar to a conventional sensor in which a microcrystal-
line powder of B-carotene is sandwiched between elec-
trodes. The difference between the odor sensor accord-
ing to the present invention and the conventional sensor
in which a microcrystalline powder of B-carotene is sand-
wiched with electrodes resides in that as shown in Figure
17, the odor sensor according to the present invention is
provided with a mixed material in which pB-carotene and
sodium thiosulfate, for example, as a reducing agent to
prevent the oxidation of the 3-carotene are dispersed in
a viscous liquid such as glycerin. In other words, the con-
ventional odor sensor in which a microcrystalline powder
of B-carotene is sandwiched with electrodes is of a dry
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type, but the sensor according to present invention is of
a wet type. Specifically, the dry type sensor based on the
conventional method is slow in reaction rate because of
the solid phase reactions involved, but the odor sensor
according to the present invention is of a wet type, ac-
cordingly involves liquid phase reactions in a viscous lig-
uid similarly in the human olfactory cell enveloped by
mucosa, and consequently can provide an odor sensor
that has a relatively fast response property and an effi-
cient response (a high response current) property.

Claims

1. An odor sensor in which the electric conductivity
thereof is varied in response to odor, the odor sensor
characterized by comprising:

a mixed material in which B-carotene and a re-
ducing agent to prevent the oxidation of the j3-
carotene are dispersed in a viscous liquid; and
a cathode electrode and an anode electrode are
disposed so as to be in contact with the mixed
material.

2. Theodorsensoraccordingtoclaim 1, characterized
in that the reducing agent is any of sodium thiosul-
fate (Na,S,03), hydro nicotinamide adenine dinu-
cleotide phosphate (NADPH), Na,(H,PO,) and L-
ascorbic acid.

3. The odor sensor according to claim 1 or 2, charac-
terized in that the viscous liquid is a liquid with high
viscosity and polarity.

4. Theodorsensoraccordingtoclaim 3, characterized
in that the liquid with high viscosity and polarity is
glycerin.

5. The odor sensor according to any one of claims 1 to
4, characterized in that ethanol is further mixed as
a viscosity modifier.

6. The odor sensor according to any one of claims 1 to
5, characterized by having a structure in which the
mixed material is sandwiched with the cathode elec-
trode and the anode electrode facing each other.

7. The odor sensor according to any one of claims 1 to
6, characterized in that:

the cathode electrode is a copper plate or a plat-
inum plate;

the anode electrode is a mesh-shaped stain-
less-steel net; and

the cathode electrode and the anode electrode
face each other.
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8. The odor sensor according to any one of claims 1 to
6, characterized in that:

the cathode electrode is a copper plate or a plat-
inum plate;

the anode electrode is a mesh-shaped platinum
net; and

the cathode electrode and the anode electrode
face each other.
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